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AIMTRA(;’J’

Spacecraft clccbmnics  including lhosc used al the Jc[ Propulsion 1.aboratory  (J])],),
tlc]]~all(l  pr(J(illctio~~  () fhighly  rcliablc  assc]l~blics.  JI’1. l~asrccc~ltly  col]]]~lct{?tl  aIlcxtcllsivc
s[udy, funded by NASA’s cdc Q, of the inlcrp]ay  bctwccn manuFdcluring  dcfcc[s and
rcliabili(y of ball gri(i array (IWA) and surfwz mmn[  electronic compmcnts.

Mm than 400 hundred test vchiclcs  were assembled using ceramic and plastic IWAS,
1,CCS, J-leads, and gull  wing componcn[s. ‘J’hcsc  WCIC subjcctcd  to thermal cycle tcsling,
and  solder joint  defects were logged prim to testing, and sddcr damage propagation mm
time was (iocumcntcd.  ‘J’hcsc  ijmiing,s  offer val uablr,  informatim to (icsigncrs an(i quality
assurance pcrsmnc] alike on package robus[ncss  as WC]] as in better un(icrslandinp, the
cicfccts that can aclual  1 y lead m Pdilurc. RCSU11s of fin(iings wii 1 bc pmcntc(i.

IN’J’J<OI)lIC’1’ION”

OBJJCC’J’J  VJCS

NASA 1 lca(iquarlcrs,  cmic Q, has cstablishc(i an 10cdronic Packaginp, mi Assembly
IVograln to a(i(ircss  Ihc common ncc(is of NASA programs. om of these programs
fumic(i during  1993-1995 focusc(i on the usc of SM’J’ for high rcliabili[y, Llltra 1.OW
VohmIc (U1 .V) spaccmfl  clcchmics  as usc[i  in [hc NASA community. “l”hc olhct’  fmic(i
(iurii]g,  1994-1996 conccntratcci 011 cvalualiol]  of quality an(i reliability of IIall Gri(i  Arrays.

Aspcds  o f  SMrl’ Icchnolog,y  w e r e  carrk:(i  out b y  four l<’l’O1)s (Rcscmh &
Tcclmology  Objcdivcs  & Plans) at NASA’s Jc[ Propulsion 1.aboratory.  “l”hcsc  R’lIN’s arc
illl(:r(i{>~)~>ll(icilt an(i were con(iuclcd  concur  rcntl y, 1 I:ici]  1<’1’01)  conccnlratc(i  its cffmls on



a parlicu]ar  aspcd  of the (icsign, modclinpj,  ]Ilai]llfactlltjllg,  Icst, and deployment (aging)
cycle. ‘1’hc primary objectives of lhc R’J’( 1}’s were as fo] lows:

●  ]dcntify lhc cri[ical paramclm o f  SM’J’ manufwturc. IIctcrminc  the mcIho(is ad
tools rcquircdto  i]ltcgratcQAprocc(l~l]t;s  it~tot}]c(l(>sigi~al~(i  ]]~a~~~lfiictll]il~gp  roccsscs
so that thccritica]  paramctmcan  bcbmladc(i and controlled.

●  llcvcl[)p  atlasst;]]lbly  lcvcl(]tlalificatiol]  tc:st]]lcttl(~(lol()gy  forstl]facc]  ~~otl~~t
tcchno]ogy  and apply this mcthodo]ogy  [o clcc[ronic packaging systems throug,h tbc
[lsc(~fcxpc].illlclltal  (lcsigtlt(~clllli(j~lcs  atl(i]>llasc(l  cxl)cl.il~lcl]tatioll.

● l)issc]]~ii~atc  NASA G~tidclil~csf{)r  SM’1’,  dcvclopc(i  from Ihc. ktmwlcdgc  g,aincd  f rom
tbc J}’]. Rrl’O}’s, as WC]] as IIN cfforls of olhcr  NASA ccntm, it~duslry knowldgc
ccnlcrs,  an(i industry parmrs,

Rcfcrcnccs  l-9(l(JcLIt~lcIlls(JI]lc  of ac[ivitics ]~crforl~lc(i  it] the SM’1’1{1’OParcas.  in
ct)]ljllllc[i[)  ]]willl tl]cl{'l`C)l's, asllrvcy  all(ltl scrjcsofl'llilsc  1 :llldl’1l:isc  2coopclativc[cst
l>]()p,mi]lsi  t]volvit~g,a llI<rl'{)l}sw cl~>pcrf()]l]]c(l.  Astll~li]lary ofttlcrcs~llts arcprcscl]tcd.

‘]’h objCCliVCS  Of th(! ]lall  ~1’id Array pl’o@H  WC1’l?  10 dCllloM(Htk:  h lobUS(lK’XS,

quality, and  reliability of lKiA tcchno]ogy,  and to assist in the dcvclopmnt  of the rapidly
g,]()wil~gi i~(ll]s[lialii  ]flasl](}cll]r~  :f{)rtl]i stccl~l]()l(>g,y. ll{_iAs  arcclt?ctlo~]icp  ackagcs~lsc(l
for higher 1/0 (lnpuK)ulpLIt)  counts  that atso provkic  improved dcclrical and [hcrmal
performance and more cffcclivc manufacturing and case of handling compami  to the
cmvcnlimal  S[]]faccM ()~]t~[( SM’I’)l c:l[l(;(i~~a]ls.

‘1’o mccl rcquircmcnls  of NASA cwnmunity,  iacludil~g J1’1,’s, for highly rc.liab]c
assemblies in an lJltra-I.ow Volume (U1.V) cnvjrmncnt,  an integrated syskm approach
was used. The foci iacludcd  idcn[ifjca[ion  of lXiAs’ critical manufacturi[)g  parameters,
evaluation and dcvclopmcnt  of inspection tcchniqucs,  and dctc.rminalion  of the cft’ccts of
l]lai]~]fac[l]]”il~g,  dcfcc[s  on so]dcr joint  rc]iabilily.  “1’hc  QLl:ililyAssll]at~cc  (QA) procdurcs
dcvclopc(i  will lllcllt~c  illtcgrfttc(l  it]toclcsig,tla  tl(i ]]l:ill(]factl~].itlg,s~)  that critical parameters
can bc boun(icct  and ccm[rollcxi.

JI)l. sdici{cd  it~dmtrjal,  academic and other rclaml comortia to work top,(;thcr to
lcvcrt~gc  ttlcilr  csoi]]c~}stitl~l  cxpcrlisc  into a s}~l]clp,is[iccfloll, All participants furnished
in-kind contributions. q’bc wide indus[ria] usc of lKiA [cchno]og,y  will afford NASA as



WC]] as consortium industries itmxpmsivc ttcccss 10 t h i s  Icdmo]ogy ml suppml
mit~ialurization  thrusts for lhcir ncxl g.wcralion applications.

TIN cxmsorlium o b j e c t i v e s  w e r e  to comp]ctc cllal’ac[crizatio[l  of lKiAs in the
following areas:

●

●

b

l’]~>ct;ssill#asscl~  lblil~g P r i n t e d  Wiring Boards  (1’WIIS) using lKIAs. Variables
itlcludml  PW13’S matcria] lypcs and sur~dcc finishes, and usc of ceramic and plastic
packages with diffcrcnl balls popu]alions  at~d 1/0s,

ldm[ifying i n s p e c t i o n  and Quali[y Assuranm (QA) mctho(is  for asccriaining  Ihc
process conhds,  acceptance methodologies, an(i cs[ablishing final quality of lKiA
assemblies. Characterizing package propcr[ics  such as coplanarity, inspcdion for
sddcr joinl quality, (iamaglc  progms rccmiinf,  (iuring  cnvirommmtal  exposure, atl(i
(icfccthcliabilityc  ortdationaswcll  ascstil~~atit~g  lif~~ofs  ol(icrjoil]ts.”

lnvcs[igating  the rc]iabjlity of IIGA :Isscmb]ics  in several ( i i i ’ l cnmt ct)virommmts

(thermal anti (iynamic).

A large mmbcr  of variables insi(ic the (icsign,  matmfacmrillg  atl(i test of the Lest
vc.l]iclcs ~l`Vs)wcrc statistically  t(~gglc(i  ~]sit]~:ll>~!sigt]  ofl\xpcrimcnl  (11011) lcchniqucto
dctcrmim lhc idlucncc  ami crj[ icali (y of {hcsc  variab]cs. Rcfct’clwcs  1 ()-12 (iocumcnl

some of the acliviiics  on the BGA Program.

Sh(JT- CON VICN’1’JONAI  ,COMIWNJ{N’1’S

SNJrJ’ S[JI{V1C}7

NASA ccntcrs  invo]vc(i wilh SM’1’ were survcyc(i in 1993 (Rcfcrcncc  1). Onc scc[ioll
of ti)c survey acidrcsscs QA issues for SM’1’  har(iwarc. ‘J’hc objcclivcs  of Ihc SM’I’ QA
survey were to i(icntify  the critical parameters of the SM’I’ manufac[urc anti  to cictctminc
the mclho(is  ami IOOIS prcscn(ly mxi by in(iuslry [o i(icnlify  ami control thcm. 11 was
conclu(icxi  that the lca(iing  caum of SM’J’ rcjcds  were sol[icrai)ility  an(i sol(icr paste
(imposition problcms. Some operations (ii(i  not have cortcc[ivc  action fctxiback loops to
change a (icsign  01 process even whm (iata  in(ijmtc(i a problm.



PI IASN 1 TEST PROGRAM

‘1’hc l%asc 1 tcsl invdvc.d  the usc of a sing]c ceramic component, ().()5() inch pilch,
soldmd  to an epoxy-fiberglass IR-4 board (Rcfcrcncc  4), I,(XX, J-lead ccrqwds,  and
gull wing ccrquads were the SM’J’ components. ‘1’bc J1’I. SM’1’ “1’raining IJacility
assembled 20 and the lllcclronics  Manufidcturin.g  Productivity liacility (I IMPF) in
lndianapdis,  lndiana  asscmblmi  205 test bmirds.

‘I’IJcrlllolllccllat]  icalcyclc  tcsliilg(-55°C;  tcJ looo{;,45111itl~ltcsdw  cllsatldcl  t]]aiiol]” of
246 minutes) m Phase 1 assemblies havin~, 1.CCS,  began in August, 1993.  All I.(K
assemblies have fidilcd (open circuit). ‘1’w{)-]~ar:il]~ctc]  Wcibu]t  equations wm used 10
charac[crizc  faihm  distribution (I;igurc ]). l’hasc 1 testing oflhc J-leads was initiated in
.ianuary, 1994, ami now (Ilcccmbcr 1996) has rcaclmi more than 3,500” cycles with no
failusc. “1’csling of the gull wing ccrqua(is  starlui  in July, 1994, an(i they have now
accumulahxi  more than 3,500  cycles with numcmus  failure wi[h [hc first Pailurc  at 1,720
cycle.s (1 ;igurc 2).

1’1 lAW 2 TIW’J’ PROGRAM

l%asc 2 uscxi  several {iiffcrcnt types of packag,cs similar to phase 1 as welt as
capacitors an(i resistors on a polyimi(ic  boar(i, ‘1’hc ovcral] purpose 01 the Phase 2 testing
was to perform statistically significant lcsting of surface mount  asscmb]ics  to be t te r
micrslami the fail m nmics  mi inhcrcn[ fatigue life of the so](icr inlcrconncct,  mi to
conlinuc  (icvclopmcnl  of Iailmxi qua l i f i c a t i on  mclho(is. Crilical SM’I’ mand’actm
paramc[crs  w e r e  controlld  10 cictcrminc  t h e i r  e f f e c t s  an(i to fur[hcr (icvclop QA
mcthwiologics.  I]csign  of l;xpcrimcnt  (1 Xl] i) [ml mcthwiology  was utilizc(i to meet these
objectives. ‘1’hc IX)] ~ was a hybri(i of full faclori al anti par[ial fidctorial  approaches. “1’hc
nu~jority  of cnvimnmcntal  testing will consisl of flijj$i-like thermal cycling, i.e., Ihcrmal
cycling within a vacuum cnvimmcnt,

Sol(tcrabi]ity of gutl wing, lca(i remnants were cvalualcd  for comparison 10 p,ult wing
lll:ll)[lfidcllllil)g,  defect. ‘J’lm ciip-and-look quali(a[ivc test n~c[hod  was uscci at lhc vcn(ior

site and a quanti(alivc  Multicorc  Universal Sol(icrai~ility  ‘J’cslcr (Mt.JSrl’) [hat lncasmcs
wct[ing force was usc(i at J]>].. ‘J’hc vendor tested about  t w e n t y  an(i JPI, lcstc(i
approximatc]y  500 strips of lca(is.  1.ca(is  wm hcl(i  in place by a plas[ic strip in bun(i]cs  of
41 al](i 64 lca(is  rcprcscnting,  a sitic of 164 an(i 256 g,ul] wit~g packages, rcspcctivc]y.
RLwlts 01 visual  inspection, (iip-an(i-]ook, an(i h4LJS’1’ prinl-ou(  (iata were compami  for
164 an(i 256 gull win packag,cx. Rasc(i  on [hc ~iil~-an(i-look  M( rcsu]ts, all of lhc 164 an~i
mm{ of the 256 gull w i n g  lca[is faikxi sokicrability  Icsting. Rcsu]ls  of sol(icr join{



assembly inspcctim contradict IIN: dip-ami-look  test results for the 164 gull wing, hmis
whcmas they agree, with mulls  of the of 256 lca(is.

SM’J’ TJCS’J’ l{lMllJ .TS

I’IIASJC 1- CYCJ.ICS ‘J’O l“All,llRlt ANJ) WJOIIIJI.1, DIS’J’RIBIJ’J’JON

l;igurc 1 showscyclcslo  failmfor(i+,  2 8 - ,  ami 2.(hpitl ICC assmb]ics.  l;ailurcs
were dctcctui  by Anatcch@  and vcrific(i  by vjsual  impcc[ion, ‘1’hc fidilurc (iistriimlion
pmxmtilcs WCJC approximakd using a nmiian plottinp position, l~i = (i-O.3)/((n+ 0.4). As
cxpccmxi,  timrc was a large sprca[i in cycles to failure bccausc of variance in solcicr joinl
voium,  quality and location. The firsl failure for the (X-pin I .(Ts was (ictcc[cxi  at 53
cycles while the last sample faild after ] 39 with 93 average cycles. 28-pin 1.CCS failc(i at
much higher cycles in the range of 352 to 908 wjth 660 average cycles. ‘J’hc 20-pjn cydcs
to faiim were in the same range as for those of 28-pins ami faikxi within 573 10 863
avcrag, ing 674 cycles.
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l~igurc  1. Cumdativc  1 iailm IJistributim l’lots for 1.CC Asscmhlics

If only Distance from Neutral Points (IJN})S) arc consi(imxi,  the 20-pjn 1.(XS slmul(i
have faikxi at higher cycles. Cycles 10 failure is tijrcctly proportional to 1 )N1’, 110WCVCJ,
cycles to failmu aiso invcrsdy  (icpcn(is  on the cffcctivc solcicr  fillc[ height. SolLicr fillet
hcj,ghl  for 20- ami 28-pin 1 .CCS was .021 an(i .033 inches rcspcclivc]  y, which js lower for



a 20-pill rcsul~ing  in higher shmr strain for (1w same C’]’]; mismatch displaccmcn(. ‘1’hc
diflcrcncc  in part sim could have been off-set by the diffcmm in the fillet height.

of[cn,  two-paramtcr  Wcibull (Iis[ritmtions havo bcm usc{i  to charac(criy,c  failm
(iis[ribution ami provi(ic nmiclinp,  for prcdidion  in the areas of interest. ‘1’hc Wcibdl
cumulative failm dis[ribu[ion wasusc(i to fit 68- and  2.8- pin I.CCS’ cycles [o failure data.
‘J’hc Wcibull graphs  arcplottd  in ]~igurc 1 asso]i(i  an(l  dash lincsfor  68- an(i 28-pins,
rcspcctivcly.  1~or68-pil~  l.CC:s, thcscalc  all(isl];l]>c  partil~]ctcrswcrc  IO] cyclcsan(i 4.8,
rcspcc[ivc]y.  These were 712 cycles an(i 5.95 for the 28-pin 1.CCS. Bolh (iala sets
showed cxccllcmt  linear corrclatim in log-log plots wilh a coct’ficicnt  ofcorrclation  of at
least 0,97.

Maj{)ri[yc)f68-pi~lgl]ll  wiilg:iss(~]~]t)lics  witl]kov:ill  c>a(lsl ~avcfiil~?(lb  ctwcc]] 1,720
cycles ami 3,5(K) cycles, None of gull wing,s  with alloy 42 lead and J-load assmblics  have
faikxi to 3,500” cycles. I;igurc 2 compares cycles to failmc for 1 .CCs and thmc of (i4-pin
gull wing assemblies. RCSUIIS  shown arc for 10 gull wings out of total of 13 assemblies
with kovar  lca(is. ‘1’hc firs[ Pdilurc occurred zit 1,720 cycles and the 11th failure was
bctwccn  3187 and 3217 cycles.

Similarly to 1.CC assemblies, two-parameter Wcibu]l (iistribu[ion was fittc(i to cyclcs-
to-~dilurc  data, lhr (N-pin gull  wing  the scale and shape parameters were 2,888 cycles
and 5.7, mpcctivcly.
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INSI’IXTION CORRICI ,A”I’ION  ‘J’O S01 ,DICRAIII1.I’J’Y RIH3UI.I’S

‘1’able 1 lists dip-ad-look, MLJS’1’ print out test data anti solder joint inspection
rcsu]ts, Valms  for dip-aml-lmk arc approximate area pcmwtagcs  of non-covcra.gc  so]dcr
areas. }~, r, and S parameters arc those read from MUS’1’ prinl-outs.  ‘1’hcsc  paramckux
arc automatically calcdatcd  bawd m the wcl[ing section 01 the crew, i,c., time to bc,gin
welling to time to maximum wct[ing  l’orcc.

‘1’hc plot porlion approximate to an cxpomntial,  that is the force f al any time t is
considered to bc a l_unction  of the maximum ~orcc V’l,,d.  and the time cmslant  S.

f= l~’,,,:,k (1 - wq)(-us))

‘1’hc “wct[ing  speed” cbangcs  wi[h lime anti is a function  d the time constant s. “1’bc
force f changes ~rm} tk maximum nc,gativc wctlinp, ~OIcc  to the maximum positive fOrcc.

S is mcasmci  in sccmds,  when 1=S,
f = ().632 l~,,yax . 1~,,,,,  and S can bc calcula[cd from the forcd[imc  CLUVC, ‘1’hc MUS’1’
wct(ing balance ttikcs  force readings every 0.1 smmds, atd the bcs[ fit of da[a [o a
s[raig,ht  ]inc of log-log of this equation, ‘1’be va]uc  l~l,filh and S arc calcula[cd from the
t’Cg,t’CSSiOll  ]i IIC togc[hcr With the Cocfficicnt of COt’I’C]a[iOtl r, WhiCb  cxprLxs how C]OSC] y the
obscrvatims fit a straight lim.

Basc(l on the (iip-atld-look  test mulls, all of the 164 and most of the 256 gull wing
leads failed soldcrahilily  testing (non-covcragc  area more than 5%). Rcsulls  of solder
joint assc.mb]y  inspection contra(iic[ the dip-and-link test rcsu]ts for the 164 gull wing
leads whereas they agree with mulls  of the of 256 leads. 1[ should bc noted that the 164
]cads haci a tin coating layer whmcas  the 256 leads had a gold coating layer. It is possible
that tbc test mu]ts were influenced by surfi~cc coating conciitions. ‘1’his needs to bc
fmhct’ Cxplold.

‘1’hc print ml va]ucs of ]’, S, and F give some indication of soldcrabj]ity.  “1’hc  r
(Clilll{}tlsit)tllcss)  indicates uniformity of wctlit]g and should cxcccd 0,8 WINHI wctlinp, is

ul)i  form cvcrywhcm S, in seconds gave swnc indicatiot~  of the speed of wct[ing.  A value
of ICSS than ] second shows rapid wetting which is consicicml  to bc gowi. ‘1’hc tots]
wc[[ing  force, F, dcpcmis  on the pcrimctcr  of the spccimcn and when divided by the
pcrimctcr  va]uc in mm gives the wct[ing  s[rcng,th.



‘l’Al]] .1; J 1 cad Sol(icrabilily  “1’cst Rcsu][s AI](I Solder Joint lnspcctim

1 )~) “i 1 mlk““””1 ‘- ‘-Viwal
1%4 IW.pcctioll

. . . . . . . . . .
l;ail ~ {)K
. . . . . . . . . .
l;ail ~ No ill<lwctimi

. . . . . . . . . . . . . . . . . . .
l:ail  ; OK

,,, ,,, .,,..,...  . . . . . . . . . . . . . . .
];~il  : (lewd

. . . . . . . . . . .
l;ail \ CiCv,kv

CICI{AIVJIC ANJ) I’J.AS’1’JC l\ Al,l,  G]{]])  Alll{A}7S

1 NrJ’ROI)lJCTJ ON

“IM pmiuction  of smfacc mount  asscmb]ics (SM As) now surpasses assmblics usil~f,
through 11OIC  tcchnolog”  y (“1’11’1’). ]n SM’1’, COlllpOIKYltS al”c mounlcxl  and lcrmina[cd
directly onto I)W13 swfacc. (hlc of Ihc most imporlan(  componcm[  parameters is (I)c lead

pitch, which is continuously (iccrcasing  (0 meet the need for higher 1/0 coun[.

‘1’hc usc of ilnc and ultra fine pitch (1~1) aml l]] ;1’) componcn[s  wilt] ICSS  than 0.020
inch pitch is growing,  often resulting in mm than 20(1 lca(is for a sjnglc (icvicc.  ‘1’ypidly,
these components have gull wing, lca(is. I;]’ atl(i UIT compmms,  in a(i(iition  to bci[lg,
cxlrcmd  y (id icatc ad casil y (iamagcci (iuring  han(il  ing, arc also ciifficul[  10 process aIIci
rcwmk, an(i arc prom to misaligl~mcnt  with the associatui  rcliat~i]ity  implications.



BGA is an impor[ant  emerging tcchno]ogy  for utili~ing  higher pin counts, without the
attendant handling and procc.ssing problems of ihc pcriphcml  array packages (PAP).
Unlike PAPs, WAS have balls, covming  the entire area, m a large por(ion  of IIIC ama on
the botlom of the package.

WAS offer several distinct advan[agcs  mm };l) and Ulrl’ SMCS that have gull wing
leads, including:
● 1 ligh pin counts, gcncral]y >200.
● 1 .argcr lead pitches, which significantly Icduccs  the manufacturing complexities for

high 1/0 parls.
● 1 lighcr  packaging, clcmitics, since the lead cnvclopc for the gu]l wing lca(is  (1OCS not

apply to IIGAs; hcncc, it is possible 10 mount mom packages pm board.
● 1 ;astcr circuitry speed than gull wing SMCS bc.came the tcminations  arc much shorter.
● l]c[[cr heat dissipation than gull wing leaded SMCS because of providing lower pa[h

from die to PWJI for heat dissipation.
●

BGAs arc also robust in processing. ‘1’his stems from their higher pitch (().()5() inch
typical), better lead rigi(iity, and self-alignment charac[uis[ics during reflow processing.

lKiAs, however, arc not compatible with multiple solder  promssing mctlmds and
individual solder joinls cannot be inspcc[cd  and rc.worked using, conventional methods. in
ultra low volume SM”l’ assembly applications, e.g. NASA’s, the abili[y to inspect the solder
joints  visually has been standard and is a kcy factor for providing confidence in solder joint
reliability.

CONSORTI[lM ‘1’lCAM MItMIIItl{S

At the slarl of the pmjcct, in Janual<y  of ] 995, a cm of consortium team members was
formed. 1[s members included 1 lughes,  llocin~,, and 1<1’1’. ]n weekly t~:lccol~fcr(?]]ccs,  the
consortium defined their needs, shared their experience and strengths, and knowledge
gainc(] m lKiA technology through their indcpcndcn[  litcra[urc scarchcs. Consortium
members visited companies wi(h cxpcricncc  in lIGAs to better un(imtand  the state of the
technology and the areas that the consorlim could addms to a(id value to the
advanccmnt  of lcdmdogy.

J1’1. oqmizcd  a workshop on 3 March 95 to have, fxc-to-face information cxchangc
among the core consortium team nmlbcrs and ncw participants. Par[icipatim by
lt]t(:rcot~l~ccliol~  ‘1’cchno]og,y  Research lns[itutc  (1’1’1{1) and S1}MA’1’JK11, a visionary
organization in clcclmics  tcchno] ogy, pcm ilkxl furthm narrowing, of the project  focus



ac[ivitics. 1’1’1<1,  a focal point for k collaboration alnong  IIN industries, was kcy in
facili tating future expansion of Ihc consorlim into the commcrcia]  sectors, “1’hc
consortium shad invaluab]c  information, and  built  l’ur[hcr confidence in BGA
Icchnology,  Variables for the test matrix definition were. rankc(i basc(i  on the current ami
fulurc ncc(is of Ihc consorlim.

‘1’hc test matrix went through many l-cvisioas  as ncw members joinc(i ami was
finalizc(i  by Scptmbcr ’95 when Altron ajyccci to fabricate both 1/1<-4 an(i polyimicic
PWBS ami Cclcstica  agrcc(i to assemble most of the test vchiclcs. “1’110 organizations ti]at
have

●

●

●

●

been an intcgra]  part of the consortium activities arc as follows:

Military scdors- 1 ]ughcs Missiic Systms Company (1 IMSC) (icsignc~i  the
PWBs,  Boeing IIcfcnsc anti  Space Group pcrformc(i  environmental testing for
military applications. I oral (1 .ockhmi.  Marlin), Canacia,  offmxl to assemble ami
test vali(iatc(i  the reliabili ty of an ad[iitional  2(10 test vchiclcs  using the
consortium test malrix an(i tcsl vc.hiclc dcsip,il.

Commercial facilities- Amkor/Anam 1 kctronics, inc. provi[ic(i  mm than 700”
plastic packag,cs, Altron inc. fabricated 300 1’WIK using, IIR-4 and polyimidc
matcria]s, Cclcslica,  C a n a d a , asscmblc~i 200 t e s t  vchic]cs, I llcctmics
Manufacturing Pmiuctivity  1 ‘acilit  y (1 ~h41’1;) pert’ormc(i cnvironmntal  tcs[ing,
American Micro Dcviccs (AMD) provi(ic(i  resistive (iic,  IIIM provi(ic(i  ceramic
packages at a minimum charge, Nico]ct  assislc(i in X-ray, anti  View }ingincming
measured coplanarity and warpagc  of packag,cs  using their 3-I) Iascr scatlllillg,
equipment.

infrastructure- 1’1”1<1 established by lhc. lnslitutc f o r  lllt~~]ct)lltlcc[illg  and
l’ackaging  lllcctronic  Circuits (IPC) has providml a vchick?  for collaboration
among the various scctm of electronic il]tc:rcol][~cc[i{)~~  incius[rics.

Academia- Rochcstcr lnslilutc  of ‘1’cchno]ogy  (1{1’1’) asscmb]c(i 35 test vchic]cs.
Mom than 2.0 industrial advisors including people from JPI. arc helping to
rc(iircct  the R]’]’ recta] manufacturing laboratory into a Computer ]ntcp,rakxi
lilcclronics  h4anufacturing  (CII{M) facility to bct[cr meet the cummt national
dcmami  fc)rclcctl()llics]  ]]atl~lfac[llrillg,c  1lgiilccrs.

‘J’J~~]  ]NJ(JLj], lSSUJM

1’1’1<1’s prcscnlc(l vicwgraphs  al Ihc J]’]. Workshop depicting the relationship hctwccn
pin count  an(i cost/Ilcrf(Jrllltlllcc. lt w:isa]~l>al~~llllllat  peripheral lcadswiil soon fall shorl



of meeting advanccci packaging rcquimmcn[s. (:osll~>c]lorlllallcc”  rcquircmcnts  for Q ‘Ps
to meet near term future rcqLlircnm]ls  were even more (iisparatc. 1 Iowcvcr,  for lKIAs
there was a wide range of 1/(), pitch, an(i sim meeting both a near km demand and
cxpcclcd future km:, term rc(]tli](:]l](>[lts.

in reviewing packaging technology trends, S1 ~M A’!’JK;l  I fmcast di ffcrcnt lypcs of
clcclronic  packages for smfacc mount applications. ‘1’hcsc included plastic quad ~lat pack
(QIT),  plastic ball gri{i array (lWGA), ceramic ball g,rid array (OK3A), and thin tape
carrier packages (’1’(T). Comparison of low, medium and high 1/0 counts were
prcscntcd.  ‘]’here were QIil) packages in the ]mxlium mngc whi]c  at high 1/() count  only
13GAs and ‘l’Cl’s were c(Jst/l~crf(~rl~]al~cc  competitive.

Many othc]  tcchnica] issues wm. discussed rclamd to the selection of tcsl matrix
parameters for the investigation. lssucs ciiscusscd  included:

●

●

●

●

●

●

●

●

●

●

●

●

●

1 JUI[lNN definition of test vchiclcs  based on the objectives an(l needs of in{iuslry.
l’rctcsiing before evaluation for (M vchiclc optimi~ation,
Nc(xI to kVCl:i~,C  the work pcrfommd  by OthCI’S. l[nough  data were availab]c that
many ]]l:illilfactl]]ir~g  variables did not have to bc consi(icrcd.
S1 iMK1’l~(Y 1 project  data on cost/l~c]lorl~lallcc”  was Mcd to bctlcr define test
Vl:hic]cs.
industry standard practices, or as CIOSC to thcm as possib]c, nccdcd  to bc usmi for
the test vchiclc  (icsign  and the rnanufxturing  variaiics.
USC of tiw .II;I)I:C slan~iar~i  for pitch sim “1’here were no slan(iar(is for many
component types. IBM an(i Motorola lla(i their own stan(iar(is.
1/1{-4 was rankmi high and then polyilni(ic. 1/1{-4 is wi(icly usc(i an(i also has larger
{ii fl’crcnccs in Cocfficicnt  of ‘1’hcrmal  } ixpansion  (Cl’} i) with BGAs, compare to
polyimi(ic.  1;1<-4 woul(i provi(ic  the mosl conscrvativc]y  reliability test rcsu]ts.
“1’hc  300 1/() BGAs were considcrcxi to bc nom where BGAs compctc  with lca(ic(i
packages. “J’hc 600” 1/() wouki  bc cxpcclc(i  in the near future in II(3A packages.
IIoth plastic BGA and ceramic 136A packag,cs  nccxic(i to bc cvaiuatc[i.
No interest at this time in cvaluatim  of ceramic column gri(i away bccausc  it was
not cxpcctc(i  to bc commonly usc(i an{i thcm was no plastic column gri(i away for
rc]iability  comparison.
}~valuatc  b o t h  full array an(i pcriphml amy bccausc of c o n c e r n s  abou[ ti~c
reliability of solder joints  un(icr the die.
~:ll:irf~ctcri~tatiot]  of solcicr  paste is impmlant.
Sol(icrabiiity i s  impor tant  and  must bc cvaluatc[i. At the package ICVCI
sol(icrahility  is OK, but at the assembly ICVC1 sol(icrai)iiity nccxiui  to bc tcstui.
lt was very impmlant  to usc dies even thougi~  cosllyo Rcgarciinp,  power cycling,
resistive (iic were usmi.



●

b

●

●

●

●

●

●

b

(Jndcrfilling  was gcmrall y done to promote thmnal cnhatmmml and vibration
Iolcrancc, but di(i not contribu[c  10 reliability.
‘1’hc J]]], study indicated the in~por[ancc  of vibration aml mechanical shock, ‘1’hc
effect of vibration nmtcd  to bc invcslig,akxl  fur[hu.
only  edge balls could bc (ictcctc(t visually and by S1;M, “1’hc  bcsl way to monitor
crack i ni ti a[ion and propagation nccdcd  [o bc dcfi ml.
J1’1. prcvimsl y used Anatcch[”  to continuous] y mmitor  for c]cctrical  opcm. Ncw
monitoring systems with less noise wcrcnccdcd, Cross-sectioning could also bc
done.
1[ was the ball height atlcr reflow, rather Ihan the ball sim that was thought to
affect sokicr  joint rcliabili[y.
Solder volmc was said to bc more cri[ical for mm types of package than others.
1[ was impomnt  to include solder volume as a variable in [hc 1 )csign of
1 ~xpcrimcnt (IX)} !) Icst program,
Surface finish plating, i,c., hot air lcvclinp,  (1 lASI .), or usc of organic solder
prcscrvativc  ((N1’) arc impwlant an(i should bc considered.
Sol(icr mask was shown to bc a Pac[or aflccting  rc]iability.
Need to look into undcrfilling  and cmformal coatinp, as affecting rcliabi]ity.

Subsequent LO the Workshop an{i af[cr cxtcnsivc  (discussion and furlhu lankil~g of the
vari:iblcs  (iiscmscd, the following most cri[ical issues were idcntific(i:

● l>ctcminc a sui[ab]c inspection tcchniquc  for II(3A packages, particularly after
they have been attachc(i  to the substrate, l;valuatc:

V X-ray systems: Nico]ct, l~cin 1 JOCUS, and JIM] l’i
O Acoustic imaging systems; Sonoscall
O Visual inspection for peripheral solder joints

. ]Iccidc  the optima] package type array configuration.
O Peripheral array versus full area array and depopulated packages
O ovcrmo]dc{i plastic vs. metallic vcrsim (SupcI” 116A)

● Charack:riy.c  the rcliabi]ity  diffcrmccs bctwccn  ceramic ami plasiic lIGAs.
O ‘1’hcrma]  cycling inclwiing  a military vcrsim an(i power cycling
O Vibration 13chavior
O Robustness ami rciiabi]ity  comparc~i  to fine pitch Q];])

● Assess the various techniques for wworking  AA1’/llGA  packages.
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I’ACKAGIM

l’ackagcs  cover Ihc range from oh4PAC to SupcrIICiAs  from An~kor/Anan~.  III
SBGA, the IC dic is directly at[achcd to an ovcrsin: copper plate providing a bct[cr bcal
dissipation efficiency. The copper plalc also acts as a sliffcncr and groun(i plain for the
package. ‘]’hc soldc.r balls for plastic packages arc culcc[ic  (63 Sn/37Pb).

Ceramic packages were from 1 BM. Ceramic solder balls bavc 0,035  inch diameters
ai~(l}~avc ahigllll~cltii]  gtcll~pcratllr~~  (9()l)b/l0S]l). ‘l”hcsc balls  arcat[achcd  to thcccramic
stlbstlatcw ithc~ltcctics  ~~l(ic1(63S1~/371'  t~)l~latcri:ll.  At reflow, sllbstt<atc  ctltcclic l~latcrial
and lllc1]W13c~llcclic  paslcrcfl(lw  t(~]~rc~vici~~  tl~(?cl~~c[r{)-  lllccllallical interconnects.

liigmcs  3 shows Scanning JHc.clron  Micrograph  (S1 ;M) photos of cmamic packages
with 625 1/0s with straight and tilted solder balls.

l~igurc  3 Solder Balls Will] no ‘1’ilting (Icft) and with tilting in 625 CXiA

I)ACKAGN Jll MItNSIONA1. Cl lAl{AC’I’l~;l{l  S’l’lCS

Package dimensional characteristics am among the kcy variab]cs (hat affect solder

joint rc]iabilily. Dimensional characlcrislics  of all packages were measured using View
l;ngincminp, 3-D ]ascr scanning syslcm. OLltpLI[  of mcasurcmcnts  included sol(icr ball
diameter, package warpagc, and coplanarity,

l’ackagc  coplanarity is defined as the distance bctwccn  the highcs( so]dcr batt (Icad for
Ql~l’) and the lowcsl sol(lcr ball. Coplanarity can contribu[c  to the yickl of surface mount



manufacturing as well as long-tcm  solcicr joint  integrity. I;or lca(icd  parts such as QIT,
nonplanarity  in cxccss of 0,003  inches is not acccptablc, J1 HIHC specification for
coplanarity rcquircmcnt  was 0.006 inch which incrcasc{i  [0 .(IO8 inch.

in this paper, the results of package propcriies  for 625 (WGA and 560 Super JIGA
wiil bc given only. ‘1’hcsc (iata arc being usc(i to (ictcrminc the infiucncc  of t h e s e
parameters on the sokicr joint number of cycles to faiiurc.

111 MICNSlONA1. Cl lA1?AC’J’lcRIS’I’I  {:S IX)]{ CBGA (i25

I ;igmc 4 shows histogram piots  of coplanarity an(i warpagc  (distributions for ] 08
ceramics wi[h 625 1/0s an(i coplanarity ~iistribution  for a package with lhc maximum
coplanarity of 0.0042. inch, Results from these an(i similar plots arc:
● The balls’ cop]anaritics  were 0.0015 to ().(X)2. inches for 104 pam ami 0.003 to 0,0042

inches for 4 parls.
. Maximum sol(icr bali diamclcrs  were 0.0315 to 0.0334 inches wi[h minimums 0.028 to

0.029 inches. IJianlelcrs  were mcasurc(i  only for 36 patls.
● Maximum warpagcs  were 0005 to 0.0029 inches.

‘1’hc cop]anarily (distribution plot for this par[ mvcais
general] y uniform in height with a fcw at two cxh cm

that the sol(icr balls were
Icvcis  that were ran(iomly

(iis[ribu[c(i,
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b) Maximum Warpagc IIistribulion



Dcli)l

o

c) (planarity l)is(ribution  for a C3K3A 625 Packag,c

l~igurc  4. Package IIimcmiona] Chamlcrislics  of Ceramic BGA wi(h 625 1/(1s

DIMENSIONAL. Cl IA RAC1’IIXISTICS OF SIIPICRIIGA 560

l;ig,urc  5 shows histogram plots of coplanarity and warpagc  for 120 SBGA560  and
Ihc cop]anariiy  (distribution for a packap,c wi[h the maximum coplanarity of 0.(1054  inch,
Rcsu]ls of these an(i similar plots arc as follows:
● Ball coplanaritics  were 0.002  to 0,004 inches for 72 parts, 0.()()4 to .006 for 45 parts,

anti  ().()()6 m ().()()766 for 4 parts.
● h4aximml solder bali  (iiamctcm were 0.0275 to 0.0290  inches, minimums were 0.0213

to 0.0263 inches.
. Maximum warpagcs  were O.(K)] 65-().()096 for 110 packages, 0,01012-0.021 inches for

8 packages, mi 0.034 inches for onc package.
‘1’im coplanarity (distribution plot for this pari rcvca]s  a llolll~l~iforl~~ity”  where cmc rcg,ion
shows higher heights than the otbcr. Such l~(~l~~ll~ifoll~~ity  couki cause package Iiftinf,
ciuring rcfiow; thus, increasing the likclihoo(i  of manufacturing {icfccl  formation.
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c) Coplanarity IXstributim  for a Supcr13GA  560 l>ackagc

S[lMMAl<}7 OF IIGA I>ACKAGlt DIM1}NSIONS

l’ackagc  ciimcnsional  characteristics as W C]] as PWB’S arc among lhc kcy variables Ihat
affect sol(im joint rcliabilit  y. 1 Xmcnsional characteristics of seven package t ypcs packages
were measure.d ming, View llnginccring,  3-1 I laser scanning systcm. olltput  of



mcasurcmcnts includcci solder ball diamc[cr, package warpagc,  ancl coplanarity. l?tckagcs
were also inspcctcd  visually, by SIIM, and the rcsu]ts were documcnicd,

‘1’ab]c 2 summarizes dimensional characteristics of two ceramics and five plastic
packages. 1 ~ivc of package types were from Amkor/Anam,  the ]argcs[ manufacturer of
plastic packages, cover Ihc range from OMPAC  to Super 13(3As. Ccrmic  packages were
from 113M. It is seen that depending on the type of packages i.e. ceramic or plastic and
ma[urity of the package, the variations arc different,

‘1’able 2 Dimcnsiona]  Charac[crislics  of CMamic  and l)las[ic Packages Dctcrmincd by
View l!nginccring, 3-111 mm S yslcm

l’ackage  ‘1’ypc Coplmarity Warpage Max. l)iatmter
Range  (inch) Natqy (inch) Range  (inch)*

z

CBGA 625 .0015 -.002 for 104 .0005 -.0029 .0315 -.0334
.0030-.004 for 4

C]](;A 361 .0012-.0022 for 102 .0005-.0018 .0312 -.0335
...,.,,.,  ., .,,.,,.,  ,,, ,,, ,,, ,, .,,,,,,,  ,,, ,., .,, ,,, ,,, ,,, ,,, ,,, ,,, ,., ,,,

560 Supwl;(;A .002 -.004 for 72 ,0010-.009”  for 110 .0275 -.0?9
.004 -.006 for 45 .010 -.0?1 fhr 8
.006 -.0077 for 4 .

352 SupcrBGA .0014 -.0037 fOr 145 .0013 -.003 .0278 -.02$7
,0048,,0058,.0065,.009 1 ... ,,,

352 OiM I’AC .0024- .0057 for 128 .002 -.006 for 111 .0275 -.0288
.006 -.010 fm 17

~l~,,{)yl,;A<;,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .,,,,,,,,,:  o~2;l,::~ojs,,,,,,,,,,,,,,,,.0022- .0052 for 140 .0285 -.0296

2s6 on’11’Ac .0021 -.0047 for 140 .00?.59-.0047 .0?70-.02.89

* ,1,1.,,’.,. ..,.1 ..,,,, ,...,. I,... ,h.. ,1.,... .1.,.  ,.,,l  ,4... 1.,.11 ,1:,  . . . ...4... . . . . . . . . . . . . . . . .
.

SO1.DICR 11A].]. I)lAMIC’J’ltRS

Sol(icr ball diameters as mcasurc(i  by View lhginccring  (io not agree with IIIC values
fl:lJO1’k>d  by ] BM. Clramic packages usc high melting solder batls  with ().()35 inch
(iiamctcr.  ‘1’hc values from the 3-D laser images for both 361 an(i 625 1/os were lower
than 0.03S inch. In IBM’s rcccnl ran(ionl mcasurcmcn(s  of hall (iiamc(cr ll~L::isLIrL:IllcI~ts  of



50 oul of 300,000,” as parl of lhcir incoming inspcclion,  tbc values were within Ihcir hall
diamclm  specification.

onc possibility is that even though  the View lingimcring sys[cm is accurate for
IIlcastlriilg  colllallarilyall(l  othu dimcnsicmal  paramtcrs,  il is not accuralc  forso]dcrb all
diamc(c.r  mcasurmcnt.  A sol(im ball (iiamctc.r  is calculated from a malhmatical  curve
which is filled 10 lhc lascrimagc  of the ball. ‘1’hcmforc, the cs(imatc(i (iialll~;tcrtic]lcll(ls
on how WCII the fitkxi cum is rcprcmtativc  of the ac[wd shape of the ball.

Anotimr possibility could bc (iuc to the tilt ami skewness of solder balls as shown in
l~igurc 3. ‘1’hc tilt cmki  cause distmlion  in the image dctcctc(i  by laser scanning, multing
in di l’1’crcnt valms than those rcporhxi  by 1 DM. Diameter of so]dcr ball  were mcasmxi
using the S1iM as shown in I~igurc  1: h was found M bc 0.0355  inch.

●

●

●

●

●

1 :acc-to-face mcclings were very val uablc ami (imo]]s[ratcti a concumnt  cng,inccring
approach. Scvcra] follow up face-to-fmc for mom thorough review was mccssary,
but was limilc(i to Iclccons.  “1’his  causo some flaws in the }’WI\ (iaisy chain (icsign

A mwicl that can simulate ‘1’VS’  (iaisy chains anti  mrrcct  the inconsislancics  is highly
ticsi  rabl c.

CONCJ.lISIONS ON BGA PACKAGK  DIMI{NS1ONS

Sol(icr ball p]anaritics  were significantly higlm  for plastic Ihatl  for ceramic packages.
I>BGAs, however, arc mm robust  an(i the large planari(y vahm might not bc a
(ictrimcn( (JI1 the so](icr  joint  rcliabili(y.  Some planarity (iiffcrcnccs among the balls arc
accmmo(ia[c(i  by their co]lapscs (iuri ng Ihc rcftow process. ‘l”his is not the case for
O(i As where high mcl[ sol(icr balls remain intact (iuring  reflow. The so](icr ball
tiiamctcr contro]s Ihc s[an(i-ofl’ lmighl which is a kcy factor [o solder joint  mliabilily.

3-D laser scanning is cxccllcnt for cllalac[criz;~tit)~l  of package (iimcnsions, but
possibly JIO1 for sol(icr ball mcasmmcnl, II (ii(i  rca(i lowct values for ceramic solcicr
ball diameter than was actually true. Onc possib]c cam: could bc (iuc to the skc.wmss
of the ceramic sol(icr  balls obscnmi visual  1 y an(i by SIHvl.

I. ESSONS 1.ICARNNI) (“)N l\GAs

l’aramctcrs toggkxi in the 1)011 tcs[ matrix were W C]] though[  OU[ an(i (iiscussfxi  in
(ictails at JP1 .’s Workshop ami wcckl y tclcconcs,
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‘] ’hctcst vchiclccicsign  had ~~~~l]~cr(~~ls  valt~al}lc  fcat~lr~:s;  ol~c wasthc ability to remove
each indivi~iual  package as discrctc indcpcndcnt. ‘1 ‘hcsr, l’caturcs  should bc inc.ludui in
other futm lCS1 vchic]c  design.

“I’l~ccc~rllcr  balls of C13GA 361 wcrt;cxclllclc(lftol~l  the daisy chain palicrn byl13M
(icsign  sotl~atlcliabilityco~~ld  bc incrcascxi. Wc were unablcto  il~cl~l(ictl~cscballsit~
our sludy even though  corner lan(is on PW13s were ciaisy chainc(i.  ‘l’his must ix:
considered when reliability (iata from this package will bc cmparc(i to other ceramic
packages that inc]u(ic  the corner balls {iaisy chain (icsign.

Ckmmicpacka  gcsshowcd  ]owcrwarpascan(i  wclclllorcc  ol~lal~art  l~at~tllcir}’llGA
countcrpatls.

Numerous ceramic packages had tiltc(i  sol(icr balls, l’hcsc packages shou](i  bc
inspcctc(i  for skewness of ball at[achmcnt.

P]anari[y ancl warpagcs  were uncxpcctc(ily  higher for tim fcw PIKiA packages. ‘llmc
packages mus( bc inspcctc~i  patlicularl  y careful] y to assure conformance to the
m uircmcnts,1

llcing in early prmiuction  at the time of cvaluationj  a number Super 13GA packages
showc(i missing balls duc to han(iling.

Many ceramic balls showc(i  signs of skewness when visually were inspcctcxi.

Ql~l)s were cxtrcmc]y  susccptib]c  to handlin~,  damagm, many of thcm were (ianlagcd
prim 10 assembling.

l’olyimidc yicki was 10WCI  than epoxy tiuc to som (iclaminatim  Polyimi(ic sbowc(i
more cxigc an(i tooling ho]c fractures from pinning an(i han(iling  opcralionsj  as
rcpor[c(i by Alt ron , 1 nc.

lnsolcicr mask(icfinc(i  pa(is, sol~~(:o ftl~cvi al)olcsl~a(i  maskintimho]c.  Somcm a s k
cicgra(iation  was obsmwd  by Altron ciuc to [i~c Ni/Au proms tcmpcraturc.

‘1’hc SMII tccbniquc  for  pa(i covcragc  w a s  sclcctc(i basc(i  on  Motoro]a’s  p a s t
cxpcricncc  with 1)11( 3A’s, Motorola’s rcccn[ investigation (A. Mawcr, Surlacc Mount
ltcmaliona]  Pmccc(iings,  Scpt, 1996) in(iicatc(i  a  possib]c tlmc  fo](i incrcasc i n
rcliabi]i[y  when NSMII for both package anti 1)W13S  arc usc(i,

Sclcclion of the right amount  of sol(icr pas[c volumes an(i 50% stencil step ciown
all owc(i succcssfu]l y assembling, of kxt vchic]cs with mi xui tcchno]  og y packages.
Ccmmic an(i plastics packages as WCII as ilnc pitch Q] O)s were succcssfu]l y asscmblcti
in onc rcjlow process step.

As cxpcctc(i, IIGAs were robust  in asscmblin~,  compami  to the 256 Ql;l)s. “1’hc  voi(i
ICVCIS  were the same as those gcncral]y  oimrvc~i  by (;clcstica  on other assemblies, All
of the Q] R, I1OWCVCI,  showc(i bri(i,ging,  and lmi to bc rcworkc(i.



● Robustmss  of B(3As was also apparent at 1<1’1’. 1{1’1’ dealing with very limilc[l
mmlrccs  was succcssfu] in assmbling  the majority of BGAs whmas had many
problems with Q1+T placcmcnt  an(i were unab]c to c.limina[c  solder bridging.

. 11 is very important to undcrslaml  the rcasom for soldm proms reflow time and
tcmpcratmc in order to bc able to assemble packages with diffmmt thermal dissipation
propcr(ics.  ‘1’his knowledge allowed succcssfu]  assembling of TVs in an 1 R oven at
1<1’1’.

. RMA and water solub]c wflow profiles arc different and arc I1OI intcrchangcab]c and
they should bc optimized separately fm the applications. WhcI~ Ihc watcl soluble
reflow profile was used for an RMA pasic,  solder joint showed cxccssivc  voids. “1’his
lcchniquc  can bc USM1 to gcnmatc  different voids ICVCIS when investigating the cffccki
of voids on solder joint  reliability.

. PWBS with different surface finishes were succcssfull y asscmblc(i. ‘1’hcrmal
performance prior 10 assmbl y was HOI established.

● Cleaning of B(3A for RMA flux should bc considmd when cmnmcial  facilities arc
used ,
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